P72 The assessment of cartilage formation by an immunoassay recognizing the N-terminal propeptide (PIINP) of type II collagen  by unknown
Osteoar thr i t i s  and Cart i lage Vol. 13, Supp lement  A $45  
equine serum and synovial fluid were separated by FACE ac- 
cording to fragment size and quantitated in i~g/ml of body fluid. 
Figures 1A and B show mean GAG contents of 9 equine mid- 
dle carpal joint synovial fluid samples, with typical HA and CS 
fragment profiles. Hyaluronan shows prominent peaks in fractions 
A13 and B11. As expected, the shorter CS fragments eluted later, 
with a prominent peak in fraction B20. Total mean synovial fluid 
GAG contents in the 9 samples were: HA = 2337 4- 911 i~g/ml, 
non-sulfated chondroitin (0S) = 3.95 4- 2.42 i~g/ml, chondroitin- 
6-sulfate (6S) = 22.46 4- 13.65 i~g/ml, and chondroitin-4-sulfate 
(4S) =9.31 4- 5.28 i~g/ml. In contrast, serum GAGs did not show 
a well-defined peak and 6S was virtually absent from serum. Total 
mean serum GAG contents in the 9 samples were: HA = 0.82 4- 
1.07 i~g/ml, 0S = 2.40 4- 1.92 i~g/ml, 6S = 0.29 4- 0.31 i~g/ml, and 
4S = 2.65 4- 1.99 i~g/ml. Recovery of HA polymer standard (200 
I~g) from the S-1000 column, as analyzed by FACE, was 98%. 
Conclusions: The method described provided good recovery of 
GAG and provided information on the relative chain lengths of HA 
and CS fragments in serum and synovial fluid. The volume of flu- 
ids used is within those volumes usually obtainable from human, 
equine, and canine patients with joint injuries. 
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Aim: Study of osteocalcin (OC) as anabolic marker and bone 
sialoprotein (BSP) as catabolic marker of post-traumatic os- 
teoarthritis (OA) in the rabbit model of anterior cruciate ligament 
transection (ACLT). 
Methods: 32 adult male New Zealand white rabbits received 
an open unilateral transection of their anterior cruciate ligament. 
Lavages of the right and left knee joints were performed under 
anaesthesia before sacrifice. The returned lavage volumes were 
recorded. The left knees remained untreated and were used as 
intraindividual control knees. An equal number of rabbits was 
sacrificed at 2, 4, 8, and 12 weeks after surgery. Use of all an- 
imals had been permitted by the government (Regierungspr&sid- 
ium Darmstadt, Germany). 
Macroscopic grading was performed of all right and left knee 
joints by specifically evaluating 9 areas per each medial/lateral 
tibia/femur and patella. Histologic grading was performed with a 
grading system accounting for proteoglycan content, matrix struc- 
ture, cellularity, and osteophyte formation. 
OC levels and bone sialoprotein (BSP) levels were measured in 
synovial fluid lavages. OC was determined with an ELISA (Metra 
osteocalcin, Quidel CO, San Diego, CA) and BSP with a radioim- 
munoassay (Immundiagnostik AG, Bensheim, Germany). The 
distributions of synovial fluid levels of OC and BSP were not nor- 
mally distributed (Kolmogorov-Smirnov-test). Consequently, OC 
and BSP data were log-transformed and normalized. Differences 
between left and right knees were statistically analysed by stu- 
dent's t-test. 
Results: All rabbits had a normal postoperative course after 
ACLT. At 2 weeks after ACLT, macroscopically visible lesions were 
only detected at the medial femoral site (p< 0.05). With time, le- 
sion size increased and lesions appeared at more joint sites. At 
12 weeks after ACLT, medial and lateral tibiae as well as both 
femoral condyles showed statistically significant lesions. Histo- 
logic scores showed early OA after ACLT, when compared with 
the unoperated contralateral side. 
BSP levels in the synovial fluid lavages of the operated knee joints 
were increased at all timepoints (p< 0.05) when compared to the 
non-operated contralateral knees. The highest levels were mea- 
sured at 2 weeks, followed by a gradual decrease. This was pre- 
viously reported by our group. OC levels were only increased 2 
and 12 weeks after ACLT (p< 0.05) 
Conclusions: To our knowledge, this is the first report of OC and 
BSP studied concomitantly in rabbit synovial fluid samples. Both 
markers have been reported as potential markers of metabolic 
processes in post-traumatic OA, probably reflecting subchondral 
bone remodelling. Biologically, they may indicate different re- 
sponses of the bone. Interestingly, OC showed an early decline 
and a later rise, while BSP was elevated at all timepoints. The 
exact meaning of these findings remains to be elucidated. 
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Purpose: The N-and C-terminal propeptides (PIINP/PIICP) are 
removed by specific proteases from procollagen before the ma- 
ture form of type II collagen is incorporated into a network of col- 
lagens in the extracellular matrix. Therefore, these propeptides 
are potential markers for the cartilage formation. The aim of the 
present study was to investigate whether a recently established 
variant of PIIBNP assay could provide an alternative methodolog- 
ical approach to detection of changes in cartilage formation in 
experimental studies. 
Research Methods: Cartilage formation in ex vivo bovine carti- 
lage explants was induced using the growth factor, IGF-I (0.0125 
mM) and the simultaneously initiated cultures were monitored 
and assessed for changes in cartilage formation at days 0, 2, 
4, 9, 12, 15, and Day 18. Each culture was incubated with 3H- 
proline for 24 hours, after which the explants was solubilized in 
NaOH, and tested for incorporated radioactivity in a scintillation 
counter. Simultaneously supernants were taken for the assess- 
ment of immunreactivity in a novel immunoassay detecting PI- 
IBNP recognizing the GPQGPAGEQPGRGDR sequence located 
in the middle of the propeptide. 
Results: IGF-I induced an increase in 3H-proline incorporation in 
the articular cartilage explants. Compared with explants cultured 
in the presence of vehicle only, the increases in 3H-proline in- 
corporation were statistically significant from Day 4 and persisted 
throughout he study period. Generation of the PIINBP peptide 
serving as target for the immunoassay arose with a delay start- 
ing at Day 9 and reaching statistical significance from Day 12. 
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Fig. 1. Correlation between PIINP and radioactive incorporated 3H-proline. 
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Furthermore, there was a highly significant correlation between 
incorporated 3H-proline at day 4 and the PIINP release at day 15 
(r =0.94, p<0.0083). 
Conclusions: These preliminary findings indicate that the pro- 
posed assay is able to detect and monitor changes in collagen 
type II formation, suggesting that the assay carries noteworthy 
potentials as a biomarker of cartilage formation in experimental 
settings. 
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Introduction: Decorin, biglycan, fibromodulin and lumican are all 
SLRPs involved in maintaining the integrity of cartilage and inter- 
vertebral disc (IVD) matrix. Recently, we discovered that, kerato- 
can was present at the protein level in extracts of osteoarthritc 
(OA) articular and degenerative disc tissues. The object of this 
study has been to investigate the presence of lumican and kera- 
tocan in extracts of OA cartilage and age matched normal carti- 
lage and from scoliosis (normal) and pathologic disc tissue. This 
objective has been carried out using newly characterised mono- 
clonal antibodies (mAbs) in Western blot analysis to qualitatively 
examine the protein levels of these SLRPs and at RNA level using 
conventional RT-PCR methodologies. Our working hypothesis is 
that as a result of degenerative processes there is increased ex- 
pression of these two SLRPs both at the protein and RNA level 
that could be due to the reparative deposition of a type I collagen 
fibrillar 'scar'. 
Methods: mAbs were produced to core protein epitopes in lumi- 
can and keratocan. OA cartilage was obtained from patients un- 
dergoing routine joint replacement for either hip or knee joints, 
whilst age controlled normal cartilage was obtained from pa- 
tients undergoing hip hemiarthroplasty. Disc samples were ob- 
tained from patients undergoing a variety of spinal procedures 
and Graded I-V according to Pfirrmann et al. The tissue was diced 
and extracted in a 4M guanidine HCI buffer, pH6.8 containing an 
inhibitor cocktail for 48 h at 4°C. Samples were dialysed exhaus- 
tively against Milli Q water and assayed for glycosaminoglycan 
(GAG) content using the DMMB assay. Extracts containing equal 
amounts of GAG were separated by SDS-PAGE and transferred 
to nitrocellulose for Western blotting using mAbs to either kerato- 
can or lumican. RNA purification was achieved using the Qiagen 
RNA kit and isolated RNA was quantified at 260/280 nm. Equal 
amounts of RNA (50-500 ng) were used to generate cDNA (RT 
reaction). Primers specific for keratocan or lumican were used for 
PCR analysis. 
Results: Keratocan was only detected at the protein and mRNA 
level in OA cartilage but it was detected both in normal and de- 
generate IVD samples. Lumican was present in normal and OA 
cartilage. However, the presence of this SLRP was substantially 
increased in the OA cartilage extracts. PCR analysis showed 
mRNA levels to be similar in normal and diseased tissue. Lu- 
mican was also present in extracts of IVD with an increase being 
apparent in those disc samples with pathology. In contrast o OA 
cartilage message levels for lumican appeared to be increased in 
the degenerate disc samples analysed. 
Discussion: The unexpected increase in the detection of protein 
for keratocan and lumican in degenerative articular cartilage and 
disc suggests their potential as biomarkers for the onset of joint 
and disc disease. Future work will involve the development of a 
quantitative assay for these proteins and the investigation of the 
presence of these molecules in synovial fluid and serum. 
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Aim: To evaluate concentrations of serum biomarkers of type II 
collagen degradation (C2C) and synthesis (CPII) in a guinea pig 
model of spontaneous osteoarthritis (OA). 
Methods: Two strains of guinea pigs were examined in this study: 
1) the Hartley (OA-prone, aged 2, 4, 7, 10 and 12 months) and 
Strain 13 (OA-resistant, aged 3 and 12 months). All animals were 
acclimated to housing conditions for one week prior to sample 
collection. Blood was obtained from guinea pigs under isofluo- 
rane anesthesia, centrifuged at 3500 rpm for 10 minutes and 
serum stored in 1 ml aliquots at -80°C until analyzed. Knee joints 
were prepared for histological grading and a semi-quantitative 
system was used to evaluate OA severity. Serum biomarkers, 
C2C and CPII were quantified using commercially available kits 
from IBEX (Montreal, CAN). Statistical analyses were performed 
and a p-value of < 0.05 was considered statistically significant. 
Results: Serum C2C and CPII concentrations were similar for 
Hartley and Strain 13 animals at 2 months of age (n=3 each), 
prior to any evidence of histological OA. However, at 12 months 
of age, levels of serum C2C were significantly higher, and levels 
of CPII were significantly lower, in the Hartley guinea pig com- 
pared to the age-matched Strain 13 animals (n=8 each, p<0.01 
and p<0.05, respectively). The ratio of C2C/CPII was also signif- 
icantly higher in the Hartley strain compared to the age-matched 
Strain 13 (p<0.001). Levels of C2C as well as the C2C/CPII ratio 
correlated positively with histological damage in the medial com- 
partment, and correlated specifically to degeneration of cartilage 
structure (p=0.009, r=0.647 and p=0.014, r=0.617, respectively). 
A cross-sectional analysis of Hartley guinea pigs from ages 3- 
12 months demonstrated that C2C and C2C/CPII concentrations 
were consistently higher than concentrations in 12 month-old 
Strain 13 animals, while CPII concentrations were consistently 
lower than Strain 13. Interestingly, C2C correlated with CPII from 
4-12 months of age (r=0.48, p=0.02). However, within the Hartley 
strain alone, the biomarker concentrations for these collagen II 
markers did not correlate with histological scores. 
Conclusions: In both animal and human studies, researchers 
continue efforts to identify useful biomarkers that are disease 
specific, reflect disease progression, and are sensitive to change 
due to therapeutic interventions. Serum C2C and CPII are sys- 
temic markers indicative of overall metabolism of type II collagen. 
In humans, the ratio of these biomarkers correlates positively with 
risk of OA progression. In the guinea pig, a higher C2C/CPII ra- 
tio was observed for the OA-prone Hartley relative to the OA- 
resistant Strain 13. Taken together with the fact that C2C was 
positively correlated with CPII, these data reflect an upregulation 
and imbalance of collagen II degradation and synthesis in the 
OA-prone Hartley guinea pig. We previously described that the 
Hartley also displays high bone turnover. These data support the 
hypothesis that metabolic factors influencing bone and cartilage 
metabolism appear to be specific hallmarks of the development 
and progression of OA in the Hartley guinea pig. 
